This study examined whether substitution of chromosome 5 containing the CYP4A genes from Brown Norway rat onto the Dahl S (SS) genetic background upregulates the renal production of 20-HETE and attenuates the development of hypertension. The expression of CYP4A protein and the production of 20-HETE was significantly higher in the renal cortex and outer medulla of SS.5 
INTRODUCTION
The Dahl salt-sensitive (SS) rat is an inbred genetic model that rapidly develops severe hypertension, proteinuria, glomerulosclerosis and renal interstitial fibrosis when fed a high salt (HS) diet (4, 7-8, 23, 25, 27, 30, 38, 43) . However, the genes and pathways that contribute to the development of hypertension and renal disease have yet to be identified. Previous studies from our laboratory have demonstrated that the pressure natriuretic relationship is impaired in SS rats and that this is associated with increased Cl -transport in the thick ascending limb of Henle (TALH) (13, 15-16, 29, 44) . They also exhibit a deficiency in the renal production of 20-HETE that contributes to the increase in loop Cl -transport (13, 35, 44) . rats that were maintained from weaning on a purified AIN-76 diet (Dyets Inc. Bethlehem PA) containing 0.4% NaCl (low salt-LS) or were switched to a AIN-76 diet containing 8.0% NaCl (high salt-HS) for 7 days prior to the experiment. We chose to examine the kidneys of these rats after only 7 days on a HS diet to avoid the effects that hypertension-induced renal injury may have on the expression of CYP4A protein and the renal metabolism of AA in the SS rats. At the end of experiments, the rats were euthanized and kidneys were collected. Microsomes were prepared from both the renal cortex and outer medulla as previously described (2). Briefly, the renal cortex (0.5 g) or outer medulla (0.3 g) were homogenized in 3 ml of a 10 mM potassium buffer (pH 7.7) containing 250 mM sucrose, 1 mM EDTA, and 0.1 mM phenylmethylsulfonyl fluoride (PMSF). The homogenates were centrifuged at 3,000 g for 5 min and 9,000 g for 15 min. The supernatant was centrifuged at 100,000 g for 1 h to obtain the microsomal fraction. The pellets were resuspended in the 100 mM 20-HETE, hypertension, and renal disease 5 potassium buffer (pH 7.25) containing 20% glycerol, 1 mM dithiothreitol, and 0.1 mM PMSF, frozen in liquid N 2 , and stored at -80°C until assayed.
Expression of CYP4A protein. The expression of CYP4A protein was assessed in microsomes prepared from the cortex and outer medulla of SS and SS.5 BN rats maintained on a LS diet from weaning or challenged with a HS diet for 7 days. The samples were separated by electrophoresis on 7.5% SDS-polyacrylamide gel, transferred to nitrocellulose membranes and blocked overnight in a buffer containing 10% nonfat dry milk. The membranes were incubated for 2 h with a 1:4000 dilution of CYP4A primary antibody (cat. no. 299230, Daiichi Pure Chemicals, Tokyo, Japan) followed by a 1:4000 dilution of a horse radish peroxidase coupled secondary antibody (sc2020, Santa Cruz Biotechnology, Santa Cruz, CA) for 1 h. The blots were developed using an enhanced chemiluminescent kit, exposed to X-ray film and the relative intensities of the bands in the 50 to 52-kDa range for CYP4A were determined using an Eagle eye imaging system (Stratagene, La Jolla, CA). Microsomes prepared from the liver of a fenofibrate treated rat were used as a CYP4A standard (1 µg loaded). The blots were reprobed for β-actin for determination of equal protein loading. (DiHETEs), or 325>251 (internal standard) were monitored using an Applied Biosystems 3000 triple quadrupole mass spectrometer (Foster City, CA). The ratios of ion abundances in the peaks of interest versus those seen with the internal standard were determined and compared with standard curves generated over a range from 0.5 to 10 ng for the various eicosanoids.
Metabolism of arachidonic acid (AA)
Values are expressed as picomoles of product formed per minute per milligram of protein.
Similar experiments were performed on glomeruli and renal microvessels isolated from the kidneys of SS and SS.5 BN rats fed either a LS or HS diet for 7 days by differential sieving as previously described (7, (31) (32) 42 ). Homogenates of the isolated glomeruli were prepared and the metabolism of AA was determined as described above. Intact renal microvessels were incubated in 1 ml of a physiologic saline solution containing 1 mM NADPH for 60 minutes. The reactions were stopped with formic acid and extracted with ethyl acetate after addition of the internal standard as described above. analysis for CYP4A1, 4A2, 4A3, and 4A8 isoforms was carried out as previously described using 20-HETE, hypertension, and renal disease 7 isoform specific primers (9) . β-actin was amplified in parallel as an internal control. Each sample was assayed in duplicate and C T numbers (the cycle numbers at which reporter signals reach a threshold) were used to calculate relative mRNA expression normalized to the β-actin expression. These experiments were performed on 9 week old SS and SS.5 These experiments were performed on 9 week-old SS.5 BN rats maintained from weaning on the AIN76 diet containing 0.4% NaCl. Telemetry transmitters were implanted as previously described above. A catheter also was inserted into the right femoral vein and routed subcutaneously to the scapular region and exteriorized through a Dacron-covered plastic button sutured subcutaneously over the scapulae. The catheter was connected to a syringe pump via hydraulic swivel for i.v. infusions.
After a 7 day recovery period, MAP was recorded as described above and an overnight urine sample was collected to determine baseline protein excretion. The rats were then switched to a diet containing 8% NaCl (HS) and separated into two groups: One group received an i.v. infusion of vehicle (11% sulfobutyl ether beta-cyclodextrin, CyDex, Inc., Lenexa, KS) in a 300 mM mannitol solution at a rate of 3 mL/day while the other received an i.v. infusion of Nhydroxy-N'-(-4-butyl-2methylphenyl) formamidine (HET0016) at a dose of 10 mg/kg/day, which is selective for inhibiting the formation of 20-HETE (41) . MAP was recorded on days 7 and 14 of the HS diet. At each time point, urine was collected overnight to determine protein excretion.
Statistical analysis. Mean values ± SEM are presented. The significance of differences in control and experimental values within the same animal were determined by a paired t-test (two samples) or using an analysis of variance for repeated measures and a Holm-Sidek post-hoc test (multiple samples). The significance of differences in the mean values between groups was determined by one-way ANOVA followed by Holm-Sidek test. A P < 0.05 was considered to be significant. (Figures 4A and 4B ) or outer medulla (Figures 4C and 4D ) in SS and SS.5 BN rats fed either a LS or HS diet for 7 days. However, the expression of CYP4A2 was elevated and the expression of CYP4A3 was reduced in both the cortex and outer medulla of SS.5 BN rats as compared to SS rats fed either a LS or HS diet. The expression of CYP4A8 was lower in SS.5 BN rats than SS in both the renal cortex and outer medulla whether the rats were fed either a LS or HS diet. Urine flow and Na + excretion increased from 19±5 to 80±15 µL/min/g and 3±1 to 11±1 µEq/min/g, respectively in SS rats when RPP was increased from 100 to approximately 160 mmHg in both strains (Figures 7A and B) . The pressure-natriuretic and diuretic responses were two-fold higher in SS. However, we believe that the upregulation of 20-HETE in the renal outer medulla to inhibit Cl -transport in the TALH predominates and overcomes any influence that increase of 20-HETE in the renal microvessels might have to reduce renal blood flow and GFR and promote the development of hypertension in the SS.5 BN strain. Indeed, one might speculate that the increase in 20-HETE production in the vasculature might only serve to enhance renal myogenic and tubuloglomerular feedback responsiveness to prevent the development of glomerular injury and be renoprotective rather than to be prohypertensive. A recent study from our laboratory demonstrated that Pgc increases in SS rats fed a HS diet and that this is associated with the development of proteinuria and glomerular disease (41) . In the current study, we examined whether the transfer of chromosome 5 from the BN rat into the SS genetic background would prevent the rise in Pgc when fed a HS diet. We found that after 7 days on a HS diet when both markedly in SS rats, but it remained unaltered in the SS.5 BN strain. This was associated with an increase in glomerular permeability to albumin and development of more severe proteinuria and renal injury in SS rats than was seen in SS.5 BN rats. Chronic blockade of the formation of 20-HETE with HET0016 reversed the antihypertensive and renoprotective effects seen in the SS.5 BN consomic strain. In contrast, we have previously demonstrated the chronic inhibition of 20-HETE has no effect on either arterial pressure (28, 41) or the degree of proteinuria and renal injury in SS rats (41) . The mechanism for an increase in Pgc in SS rats fed a HS diet remains to be determined. However, from the current study, we observed the formation of 20-HETE in the renal microvessels was reduced in SS rats compared to that seen in SS. (45) . Indeed, this hypothesis is consistent with previous observations that the myogenic response (37) and dynamic autoregulation of RBF is impaired in Dahl S rats (14) and that TGF responsiveness is decreased when these rats are fed a HS diet (40) .
RESULTS

Protocol
Besides a potential effect on renal hemodynamics, we recently observed that acute blockade of the formation of 20-HETE markedly increased glomerular permeability to albumin and that this response can be reversed by exogenous administration of a 20-HETE mimetic (7, 42) . In the present study, the glomerular formation of 20-HETE was 2-fold higher in SS. 
